Headwater streams constitute the majority of watersheds in the United States and many in the midwest have been channelized for agricultural drainage. Public health implications of water chemistry and aquatic insects within channelized and unchannelized headwater streams have not been explored. We sampled water chemistry and aquatic insects in two channelized and two 
INTRODUCTION
Headwater streams are the smallest streams located within the upper reaches of a watershed. These first, second, and third order streams are the most abundant streams within a watershed in terms of numbers and percentage of total stream length (Leopold et al. 1964; Horton 1975; Nadeau & Rains 2007) . Their small size and large numbers make them especially susceptible to anthropogenic modifications (Smiley et al. 2005) , especially within agricultural watersheds. Channelized headwater streams or drainage ditches are common in agricultural watersheds around the world. These are constructed streams designed with straight trapezoidal channels or existing streams that have been deepened, widened, or straightened for draining excess water from adjacent fields (Smiley & Gillespie 2010) . Available estimates of total length of channelized headwater streams range from 27,000 km in Minnesota (Minnesota Board of Water Resources 2006) to 56,000 km in Indiana (Needelman et al. 2007) . Previous research has documented that habitat diversity and ecological health typically decrease following stream channelization (Smiley & Gillespie 2010) .
Public health issues related to channelized headwater streams and how they might influence the quality of downstream drinking water sources or serve as habitat for potential insect disease vectors and insect pests have not been explored. doi: 10.2166/wh.2010.160 Streams, rivers, and reservoirs serve as surface drinking water sources for urban and rural communities in the midwestern United States. Agriculture constitutes a significant portion of land use in the midwestern United States and impaired water quality of surface drinking water sources as a result of agricultural nutrients and pesticides represents a potential human health risk . Specific human health risks of agricultural contamination of surface drinking water sources include methomoglobinemia (blue baby syndrome), spontaneous abortions, and increased risks for certain cancers that results from high nitrate levels in drinking water (Squillace et al. 2002) , cardiovascular, kidney, and endocrine problems linked with commonly used herbicides , and increased risks of birth defects associated with increases in nitrate and pesticides in surface water (Winchester et al. 2009 ). Additionally, the human health implications of previous assessments are most likely conservative risk assessments because the focus has been on the implications of single chemicals, not the nutrient and pesticide mixtures that frequently occur in agricultural watersheds (Kolpin et al. 2000; Squillace et al. 2002) .
Ninety-four watersheds in Ohio serve as surface drinking water sources and three central Ohio watersheds have been placed on Ohio EPA's watch list for nitrate and/or atrazine due to detections of elevated nitrate or atrazine concentrations (Ohio EPA 2008) . Few, if any headwater streams serve as drinking water sources. However, excessive downstream transport of nutrients and pesticides from these small streams can degrade the water quality of downstream drinking water sources and result in increased treatment costs for community water suppliers. Thus, understanding the water quality trends within headwater streams is the first step towards evaluating their potential impact on the water quality of downstream drinking water sources.
Historically, stream channelization and other methods for draining wetlands were used for reducing mosquito abundance and control of malaria and other insect-vectored diseases in the United States (Willott 2004) . Mosquito control continues to be important to public health agencies in the midwestern United States because of the ability of a small number of species (i.e. approximately 10% of all species) to serve as vectors for the West Nile virus, La
Crosse encephalitis virus, and Eastern Equine encephalitis virus (Scheidler et al. 2006; Ohio Department of Health 2008) . Mosquito control strategies used in channelized headwater streams in the region include larvicide application and channel modifications to ensure the maintenance of flowing water (Lyon & Steele 1998) .
Excessive nutrient inputs (Larimore 1974; Chaves et al. 2009 ), aquatic plants and herbaceous vegetation (Pierce & Pezeshki 2010) , and standing water during periods of limited precipitation may promote mosquito colonization in agricultural headwater streams. Other dipteran pests found in streams include black flies (Family Simuliidae), biting midges (Family Ceratopogonidae), deer flies (Family Tabanidae), nonbiting midges (Family Chironomidae).
Biting dipterans (i.e., black flies, biting midges, deer flies) can create severe nuisance problems because they bite humans and animals (Thorp & Covich 2001) . Deer flies are documented vectors of tularemia (deer fly fever) in the western United States, but not the eastern United States (Farlow et al. 2005) . Large swarms of nonbiting midges are also a nuisance and if inhaled may cause allergic reactions (Thorp & Covich 2001; Ballestros et al. 2006; Ferrington 2008 ). Understanding the ability of different types of midwestern headwater streams to serve as larval habitat for potential insect disease vectors and pests will assist in developing effective control and surveillance strategies ( Joy & Clay 2002; Irwin et al. 2008 ).
We measured water chemistry and sampled aquatic insects in two channelized and two unchannelized headwater streams and then compared nutrients, pesticides, and larval abundances of potential insect disease vectors and pests between stream types to evaluate the public health hazards posed by channelized headwater streams. flow injection analysis using an automated ion analyzer and the copperized-cadmium reduction method (Parsons et al. 1984) . Pesticide concentrations of alachlor, atrazine, Our field processing methods resulted in large volume samples containing sediment and detritus that required use of elutriation and subsampling. Our laboratory protocols follow that of Payne & Miller (1991) . Macroinvertebrates were removed from sediments and detritus by elutriation. 
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RESULTS

Nutrients and pesticides
Maximum seasonal concentrations of ammonium and nitrate plus nitrite were greater in channelized than unchannelized streams (Table 3 Figure 7 ).
Aquatic insects
Chironomids were the most abundant dipteran taxa captured and constituted 85% of all dipteran captures. Figure 8 ). Chironomid abundance differed between stream types and was greater in channelized streams than unchannelized streams (Table 3 , Figure 8 ). The abundance of biting dipterans exhibited a significant interaction effect of stream type and season (Table 3) 
